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Young planets are primordial 
Planets migrate based on interactions with the 

protoplanetary gas disk (left; Armitage & Rice 

2005) or other planets and planetesimals. 

Young planets are bright(er) 

Hot start or cold start aside, young planet should 

be orders of magnitude brighter (below; Marley et 

al. 2007; Baraffe et al. 2003). 



CoKu Tau/4 (Model; Quillen et al. 2004) 

Transitional Disks 

Some protoplanetary disks 
have large cleared gaps – 

perhaps signposts of ongoing 

planet formation? 

LkHa 330 (Submm image; Brown et al. 2009) 

Problem: These are very 

distant (~150-250 pc), so 

resolution is a big obstacle. 



Placing an aperture mask in the pupil plane turn the single mirror into a 

sparse interferometric array. Fourier analysis techniques (i.e. closure 

phases) can be used to filter almost all noise from turbulence and AO 

errors. This yields very stable performance. 



!=!12+!23+!31 

In the closure phase, 

any phase error on 

aperture 1, 2, or 3 will 
cancel out.  

Almost all noise sources (most 

notably, speckles) are just 

phase errors that readily 

cancel. This improved PSF 

calibration delivers relatively deep 

contrast (8 magnitudes at L’) even 

at the diffraction limit. 
(See poster by S. Hinkley) 

Readhead et al. (1988) 



If we’re going to find planets anywhere, 

these are the places to look! 

We’re observing all of the transitional disks 

with large gaps (>25 AU), starting with those 

that have been confirmed with submm or 

optical/NIR imaging. 

LkHa 330 



Espaillat et al. (2007) 

Optical-IR-MM SED 

(Gapped Disk) 

One of the best-

studied 

transitional disks 

– massive disk, 

big gap, young 

stellar age. 



Andrews et al. (2011) 

SMA, Sub-mm Image  

(Dusty Outer Disk) 

Thalmann et al. 2010 

HiCIAO, H-band Image 

(Inner Disk Wall) 

Taurus star-forming region 

T~2-3 Myr; d~150 pc; M*=1 Msun; Mdisk=55 MJup 



We see a central source that’s 

relatively blue (hot?) and 

leading/trailing sources that are 

relatively red (cool?). 

!K=6.8 mag 

!L=5.5 mag 

Submm; Andrews et al. (2011) 

(The hot-start models say 6/12 MJup for the central/total flux.) 

(FOV = 0.6”) 



Submm; Andrews et al. in prep 

Andrews et al. (2011) 

SMA, Sub-mm Image  

Dusty Outer Disk 

Reconstructed Multicolor Image 

Blue=K’, Red=L’ 

Planet + Co-orbital material? 

. (Deprojected radius ~20 AU) 



Points show all free-

floating Taurus 

members. Our 

detection falls at the 

very faint end (or 

below) 

Hot start models 

estimate ~6 MJup 

(K photometry from 2MASS, L 

photometry from Luhman et al. 2010.) 

Red: Disk 

Blue: No Disk 



LkCa 15 b 

(Deprojected radius ~20 AU) 



LkCa 15 b 

(Deprojected radius ~20 AU) 



Red: Disk 

Blue: No Disk 
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Red: Disk 

Blue: No Disk 



LkCa 15 b 

(Deprojected radius ~20 AU) 

X 



Submm; Andrews et al. in prep 

. (Deprojected radius ~20 AU) 


